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Abstract

In the last decades, condderable advancements have been made in the power eectronics
indudry. The adjustable speed drive is very important for the control of motor speed, because
many products can be handled, trandered and essly controlled. This paper discusses the
performance of dc motor gpeed, fidd flux and loading on the raio between input r.m.s armaiure
current and average vaue in a separately exited dc motor fed from single-phase ac to dc rectifier.
Also, computer smulation program was developed to predict motor performance, for the single-
phase hdf wave rectifier. The out put of smulation shows a good corrdation with the

experimentd results.
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1 - Introduction

In the last decades, congderable advancements
have been made in the power dectronics
indugry. The adjugtable speed drive is very
important  for the control of motar Speed,
because many products can be handled,
trandered and essly controlled [1,2]. A
method of control is manly decided by the
naure of the load. Some loads require very
wide spead range while others reguire limited
one. This implies that before deciding a cartan
control scheme, load requirements should be
dudied, for example dectric tran and cas
need wide range of speed while lathes needed
limted speed rangg34,5. The Root Mean
Squares (r.m.s) vaues of current and voltage
are respongble for copper losses while average
vdues ae regponsble for torque produced.
The accurate prediction of the performance of
dc motors can be determined by accurate
evdudion of its parameters. A number of tests
have been caried out such as open and short
arcuit to edimate the parameters of the fidd
and amature drcuit, the iron and mechanicd

loses, the speed voltage coefficient and rotor
moment of inettia This paper discusses the
performance of dc motor speed, fidd flux and
loading on the raio bewean input rms
amaure current and average vaue in a
spaady exited dc motor fed from sngle-
phese ac to dc rectifier. It was found that the
performance of the dc motor in case of sngle-
phase full wave rectifier is better than the case
of dngle phase hdf -wave rectifier because the
amaure current is more continuous than for
the case of hdf-wave sngle phase. Moreover,
computer dmulation program was developed
to predicc motor peformance, for the sngle-
phase hdf wave rectifier. The smulation is
based on a st of nonlinear equaions which
define the behavior of the rectifier and the dc
motor during the time of conduction and non
conduction of the diode and during load
vaiaion from no load to full load on the dc
motor. The output of smulaion shows a good
corrdation with the experimenta results. Also
the paper discusses the armature voltage and
current form factor for various sep vaues of
dc motor load condition from no load to full



load. The form factor has been teken as
messure of motor loses in rdadion to its
output torque. It was found that the armature
voltage and current form factor curves vay
with the vaidion of ac supply voltage and
with the values of load of dc motor.

2- Motor Parameters Evaluation

The accurate prediction of dc  machines
perfformance when fed from a rectified ac
supply can be achieved by accurate evduation
of its man parameters. Therefore, number of
tes has been caried out to edimate these
parameters. The parameters measured  are
goeed voltage coefficent Kv amature and
fidd resgances and inductances, iron and
mechanica losses and rotor moment of inertia
The reaults are as follow: Armature circuit g =
625 W, Lo = 003582 H, Fdd drcuit, ¥ = 625
W, L = 51762 H, T; = 0.0828 s=c. The dc
motor losses ae Mechanicad Lossss = 28
wat, & n = 1500 rpm , Mechaicd
Losses = 41 wat, a n = 1800 r.pm , lron
loss = 14 watt, a \, = 110 V and n = 1500
rpm , lron loss = 9 wat & V, =110V ad
n = 1800 rpm , J= Inetia of rotor = 0.256
kg.nf

3 - Operation From Half Wave Single Phase
Rectifier Supply

The dc motor can be operated from sngle
phese ac pply via a hdf-wave redifier
gydem a down in FHg (1). Asuming
condat vaue of fidd curet and hence
flux ard condant rotor speed of w, , then
opedion of diode will be decided by the
rdative megnitudes of Vs , back emf E and
voltage drop across r, and L, During diode
conduction the supply voltage is given by
thefdlowing equetion :

Vs=Vm?* dn Ut = ry iy + Ly (difd)+E

......... @

Whee E=KJw ... ... (2
Moreover, dectro-megndiic torque is given
by Te=Kv f ia .............. ©)

Duing the deady dae andyds the
amaure curent will flow in  disree
puss The durdtion of thee pulsss is
determined by the vdue of E with respect
to indantaneous vaue of Vs . Because Vs is
higner then E the dode will dgat
conducting but will not cut off as soon as
Vs is lowe then E, snce enagy dored in
amdure inductance must be rdessed, as
sown in Hg. (2). Theaefore the period of
conduction is many deemined by the
vdue of E with repect to Vi and the
vaue of L.

For hdf-wave cae, because the current
flows in pulsss the rms is higher than the
average vdues Duing deedy-date, and
when diode D conducts ( Vp = 0) , the
supply voltage Vsisgiven by equetion ().
Integrating both Sdes with respect to wit for
a <t<b,assowninHg. (2

0 = (VM2 an (a+jf) — (Bz ocosf) +
[(E/zocod )— (Vm/2) an(a -f )] x

(ra/xa) (a -(a+i))

Solution for (b-j) can be achieved udng
one of the known iterative techniques.

4 - Motor Performance

The motor peafomance is dudied for
diffeeent no-load and load conditions
Duing the no-load operation of the motor,
the curent waveform is not  continuous
This dsotinuty in curent  wavefom
will meke the vdue of | rms is greder then
| av. The average torque developed by the
motor is function of iy, while copper-loss
is propotiond  t0 (I Comparison
beween moator peaformance when fed from
pue dc supply and when fed from hdf
wave redtified supply can be then achieved
by dgemining the Form Fadtor of the
Current (FFI). The FF is ddfined as the
raio of the rms to the average vadue On
no load the effect of fidd flux and motor
goead on curret form fector is dudied for
vaiious fidd current. The fidd current (I ;) is
maintained a congant vaues of 0.1A, 0.15A,



02A and 023A. For esch vdue of fidd
current the speed of motor is varied by varying
goplied  amature voltage The resllts ae
plotted in figures (3) and (4). It is dear from
figure 3 that the increese of fidd current will
increese the FH. Fgure 4 shows tha an
increese of noload speed with fixed fidd
current will cause an initid decreee in
amaure Voltage Form Fector (FFV) which is
folowed by an increase when the speed (n) is
gegter than 900 rpm. Genedly spesking,
FFV is gproximady equd to one dnce
amaiure voltage recelves a contribution from
upply voltage only during the short period of
diode conduction.

The loading the mator hae effects on the
fom fador of the input curet. The
vaiaion of FFl and FFV for loaded motor
cax ae shown in figures 5 an6 respectivey.
The following points could be concduded. (1)
For congant load torque and fidd excitetion
an increase in motor speed leads to an increase
in the vdue of FH which means that the
period of current conduction has decreased. (2)
Increesng load torque with fixed vaues of
n and Ir yidded decesse in the vdue of
FH which means tha the average vdue of
amaure curent and the gpplied voltage
mus  increese,  therefore the period  of
conduction will incee2 (3) For fixed
vaue of spead and load torque an
increee in |y leads to decreese in FH.
Moreover an increese in motor Speed leads
to decreee in FRV. AlD an increese in
load torque  resulted in an increese in the
vaueof FFV.

FHgue 1 dhows a Fee Wheding Diode
(FWD). The FWD sarves as a current path
for reective enargy in amaure inductance
duing man dode non conduction. The
motor peaformance, when the PWD is
connected, for the noload and loaded
casss ae shown in figures 7 to 10. During
the noload the PWD will opadae if the
amaure indudtance is  high. This s
checked by insating series inductance of
5 mH and 200 mH in the amature drauit.
Houes 7 and 8 show the vaiaion of FH

and FFV reectivdy. Hgures 9 and 10
soow the vaigion of FH ad F~V
repectivdy for loaded conditions It is
dear from figures 9 and 10 that the FH
and FFV decreee for the same torque and
fidd curet, when the amaure inductance
increasss.

5 - Sngle Phase Full Wave Rectifier
Supply

The motor pefomance  with
rectifiction is beter then hdf-wave
because the amaure curret is more
continuous  thean the hdf-wave redtification.

full-wave

The  pecetage of  oconduction to
nonconduction  periods  will increase,
resllting in a better curent form factor

(FH). Hgure 11 represents the dc motor
ful-wave redtifier drcuit.

The operation of dc motor on no-load and
load conditions are given in figues 12 to
15. It is dear form figures 12 and 13 that
for a decrease of fidd current, the FF will
Oecreee ad FRV will increase
regpectivdly. Al an incesse in motor no-
load speed led to an increese in FH.
Regading FV it sowed a V-cuve
rdaionship with goead. It is dexr from
figure 14 and 15 that when the load torque
increases the FH decreases and the FRV
Increases repectively.

6 - Smulation of DC Motor Supplied
from Half Wave Rectifier

The motor peformance when supplied
from hdf-wave rectifier is compared with
the dmuaion adyss The numgicd
andyss techniques ae used to  lve the
st of nonlinear eguation of the motor.
The andyds for dc motor opeaion is
derived by assuming condat back emf
(B) which is devdoped by the notor.
However, such a gtuation occurs only  with
motors having vay high ingtia In redity,
motors do have limited vdues of inatia 0
back emf will not be oondant.
Consequently, dealed andyss has  been



devdoped tking such dfet  into
condderdion. The output of the smuldion
for no-load and load conditions are shown
in figure 16 and 17 repectivdy. It is dear
from the figures tha a good corrddion
exid beween the dmulaion ad the
messurement.

7 - Conclusion

The peformance of the dc motor which is
supplied from hdf and full wave rectifier is
sudied for the noload and load conditions. It
was shown that the FH and FFV of wave
shapes of the dc motor are rdaed to the no-
load and load conditions and the haf and full
wave of the supply sysem. The full-wave
rectifier supply is more suiteble for the motor
a compared to hdf-wave. Generdly spesking
it was obsarved tha, in the drive sysems
invedigated in this sudy, an increese in fidd
current is accompanied by a consequent
increese in FFl. The ue of free wheding
diodes is

recommended when

This picture, of voltage(v) and current(i),
shows good corrdation with the computer
amuldion output which ae gven in
figure 16 (a) and (b) respectively.

indantaneous  values of  motor  voltage
reech negdive leves Such a gtudion
aisss when amdure inductance is of high
vdue Theoreticd andyds showed good

corrdeion between predicted and
experimentdly obtained current ad
voltage waveforms
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Fig. 1. Single-phase half wave rectifier supply to DC Motor +

- L

Fg. 2- Reation between dday, conduction and extinction angles of ac supply system.
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Fig. 3. Variation of armature current form factor versus no-load speed at different vaues of |

Fig. 4. Vaidion of aamature voltage form factor versus no-load speed at different values of I
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Fig. 5- Variation of armature current form factor versus speed at different values of load torque and field current.
Fig. 6- Variation of armature voltage form factor versus peed at different values of load and field current.
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Fig. 14 -Variaion of armature current form factor versus motor speed a different values of field current
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